2,6-Diiodo-4-nitrophenol, 2,6-diiodo-4-nitrophenyl acetate and 2,6-diiodo-4-nitroanisole: interplay of hydrogen bonds, iodo±nitro interactions and aromatic p±p-stacking interactions to give supramolecular structures in one, two and three dimensions Simon J. Garden In 2,6-diiodo-4-nitrophenol, C 6 H 3 I 2 NO 3 , the molecules are linked, by an OÐHÁ Á ÁO hydrogen bond and two iodo±nitro interactions, into sheets, which are further linked into a threedimensional framework by aromatic %±%-stacking interactions. The molecules of 2,6-diiodo-4-nitrophenyl acetate, C 8 H 5 I 2 NO 4 , lie across a mirror plane in space group Pnma, with the acetyl group on the mirror, and they are linked by a single iodo±nitro interaction to form isolated sheets. The molecules of 2,6-diiodo-4-nitroanisole, C 7 H 5 I 2 NO 3 , are linked into isolated chains by a single two-centre iodo±nitro interaction.
Comment
We have recently reported the molecular and supramolecular structures of several iodonitroanilines, unsubstituted at N (Garden et al., 2002) . In these compounds, the supramolecular aggregation is dominated by a combination of NÐHÁ Á ÁO hydrogen bonds, iodo±nitro interactions and aromatic %±%-stacking interactions, to give either two-or three-dimensional structures. The title compounds, 2,6-diiodo-4-nitrophenol, (I), 2,6-diiodo-4-nitrophenyl acetate, (II), and 2,6-diiodo-4-nitroanisole, (III), have been designed to reduce the scope for formation of hard (Braga et al., 1995) hydrogen bonds, while retaining the other potential intermolecular interactions, in that (I) has an OH group in place of the NH 2 group in simple anilines, allowing the molecule to act as only a single donor in such bonds, while (II) and (III) have no scope at all for the formation of hard hydrogen bonds.
In compound (I) (Fig. 1) , a combination of OÐHÁ Á ÁO hydrogen bonds and two independent iodo±nitro interactions links the molecules into sheets, and these sheets are weakly linked by aromatic %±%-stacking interactions to form a continuous three-dimensional structure. The phenolic atom O1 acts as a hydrogen-bond donor to nitro atom O41 at (1 + x, y À 1, z) (Table 2), so generating by translation a C(8) chain (Bernstein et al., 1995) (Fig. 2) .
The aromatic ring of (I) forms a close %Á Á Á% contact with that at (1 À x, 1 À y, 1 À z) (Fig. 3) ; the interplanar spacing between parallel rings is 3.379 (4) A Ê , the centroid separation is 3.493 (4) A Ê and the centroid offset is 0.886 (4) A Ê . In this manner, each (221) Figure 1 The molecule of (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level and H atoms are shown as small spheres of arbitrary radii.
Molecules of compound (II) lie across the mirror planes in space group Pnma (Fig. 4) . The non-H atoms of the acetate group all lie on the mirror plane (chosen for the sake of convenience as that at y = 1 4 for the reference molecule), so that the plane of the acetate group is orthogonal to the aromatic ring. The methyl group was modelled using six H-atom sites, each with occupancy 0.5. The crystal structure exhibits neither CÐHÁ Á ÁO hydrogen bonds nor aromatic %±%-stacking interactions. Instead, the single short iodo±nitro interaction generates a simple and elegant sheet structure (Fig. 5) .
Each of the two symmetry-related I atoms in (II) participates in a two-centre iodo±nitro interaction with the O4 atoms at ( 1 2 À x, 1 À y, z À . Propagation of these interactions produces two C(6) chain motifs running parallel to the [001] direction and generated by the 2 1 screw axes along ( The molecule of (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level and H atoms are shown as small spheres of arbitrary radii. Atoms with the suf®x A are at the symmetry position (x, 1 À y, z). For the sake of clarity, only one set of H atoms bonded to C12 is shown. ring. The central space in each ring is occupied by an acetate group.
In compound (III) (Fig. 6) , neither CÐHÁ Á ÁO hydrogen bonds nor aromatic %±%-stacking interactions are present in the crystal structure. The molecules are linked into chains by an iodo±nitro interaction involving only one of the two I atoms and only one of the nitro O atoms. Atom I2 in the molecule at (x, y, z) forms a very short IÁ Á ÁO contact with nitro atom O42 in the molecule at ( (Fig. 7) . The intermolecular distances and angles in compounds (I)± (III) present no unusual features. In each compound, the nitro group is almost coplanar with the adjacent aryl ring (Tables 1,  3 and 4).
Experimental
Compound (I) was obtained by reaction of 4-nitrophenol with K[ICl 2 ] in aqueous solution (Garden et al., 2001) . Compounds (II) and (III) were obtained from (I) by acetylation using acetic anhydride and methylation using dimethyl sulfate, respectively. Crystals of (I)±(III) suitable for single-crystal X-ray diffraction were grown by slow evaporation of solutions in ethanol [m.p. 439±441 K for (I), 409± 411 K for (II) and 418±419 K for (III)].
Compound (I)
Crystal data The molecule of (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level and H atoms are shown as small spheres of arbitrary radii. Hydrogen-bonding geometry (A Ê , ) for (I). Compound (I) is triclinic; space group P1 was selected and con®rmed by the analysis. For compound (II), the systematic absences permitted Pnma and Pn2 1 a (= Pna2 1 ) as possible space groups; Pnma was selected and con®rmed by the structure analysis. For compound (III), the systematic absences permitted C2/c and Cc as possible space groups; C2/c was selected and con®rmed by the analysis. All H atoms were located from difference maps and were treated as riding atoms, with OÐH distances of 0.84 A Ê and CÐH distances in the range 0.93±0.98 A Ê .
For compounds (I) and (III), data collection: KappaCCD Server Software (Nonius, 1997); cell re®nement: DENZO±SMN (Otwinowski & Minor, 1997); data reduction: DENZO±SMN. For compound (II), data collection: SMART (Bruker, 1999) ; cell re®ne-ment: SAINT (Bruker, 1999) ; data reduction: SAINT. For all three compounds, program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 2002) ; software used to prepare material for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999) . Table 3 Selected torsion angles ( ) for (II). 
